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Abstract

In typical Data Grids large amountsof replicateddata
are stored all over the globe in different storage systems
with accesdatenciesrangingfrom secondgo hours. The
task of a replica manayementsystemis not only to keep
tradk of the replicashbut also to selectthosereplicasthat
can be accessedy an application program with a mini-
mal responser transfertime Mostwide-areareplication
reseach focuseson network-basedeplicaselection.How-
ever, our pastexperiencewith Data Grids hasshownthat
oftenhierarchical storage systemsre the main bottlene&
rather than networklinks. Thisis dueto the fact that ac-
cesdatenciesof hierarchical storage systemganbe of the
order of secondsup to hours in casethe dataresideson a
tapethatis notmountedyet.

In this paperwe give an overviev of our replica man-
agemenframevork calledReptoranda storage systentost
estimatorthatis used.Furthermoe, we give detailson ac-
cessestimationof le replicasthat resideon hierarchical
storage systemsTheresultsshowthatthe accessstimates
provide a good basisfor a replica managementsystemo
performefcient replicaselection.

1 Intr oduction

Certain scienti ¢ application domains such as High-
Enegy Physicsor Earth Obsenation [9] are expectedto
produceseveral Petabytesof datathat are analyzedand
evaluatedy scientistsall overtheglobe.n orderto achieve
high levels of availability and fault tolerance,as well as
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minimal accesgimes for theselarge datavolumes,data
replicationis appliedvery frequently Several Grid projects
haveimplementediatareplicationsystemshathandleparts
of therequirements.

Datais mostly storedon disksandmassstoragesystems
with differentaccesdatencies. Whatis more, thesestor
agesystemsare connectedvia networks with differentef-
fective bandwidththat shav differentpeaksthroughouthe
day. Without speci ¢ monitoringtools of variousGrid re-
sourcesijt is dif cult to predictthe accesdime of datain-
tensve jobsin sucha heterogeneousrvironment. For in-
stance accesdatenciesof massstoragesystemscanbe of
the orderof secondaip to hoursin casethe dataresideson
atapethatis not mountedyet.

Within the EuropearDataGridproject[9] we designed
and developed a replica managemenframeavork called
Reptor[12] which providesboth network and storageac-
cessestimationfor distributedreplicas. This performance
informationcanbe usedby a Grid scheduleto submitjobs
to thebestavailableGrid resourcesln addition,our system
allows for optimal cost-basedeplica selectionduring the
runtime of ajob.

In this paperwe discussone implementationof a stor
ageacces®stimatothatwe developedwithin theEuropean
CrossGridoroject[4]. We detailthereplicaselectiormodel
and the storageaccesscost parametergor estimatingthe
accesdatenciesof le replicasthat resideon hierarchical
storagesystemdlistributedall overtheglobe.

We thusmake severalimportantcontributions:

Firstly, we shav the effectivenessof replicaselection
basedon storagecost estimation. The resultsshov
thatthe acces®estimateprovide a goodbasisfor the
ReplicaManageto performef cient replicaselection.

Secondly we demonstrateinteroperability between
two major EuropeanGrid projectsusingstandardized



programmingtechniquesbasedon web servicetech-
nology:.

The paperis organizedasfollows. In Section2 we pro-
vide an overview of the cost model that is usedfor the
replicaselectionprocess.Emphasids put on the costesti-
mationsfor hierarchicaktoragesystemsSection3 outlines
architecturalddetailsof the replicamanagemenframeavork
(includingthereplicaselectiorprocesspandthecostestima-
tor basedon a componenexpert system. Implementation
detailsandinteroperabilityissuesare discussedn Section
4. Experimentatesultsareshovn in Section5. After some
relatedwork in Section6, we concludethe paperand pro-
vide someinsightinto futurework.

2 Model for Cost Estimation

Accessestimatiorfor distributedandreplicatedles in a
DataGrid requiresa speci ¢ modelthat we describehere.
This modelis thenusedby the replicamanagemergystem
to selectreplicasaswell asby the estimatorcomponents
thatprovide thenecessarinformationon le accesgosts.
2.1 A General Cost Mo del

For the accesostmodelwe assumeahatdata les are
partially replicatedo severalsites(hostingdatastores)con-
nectedviawide-areanetworks. In suchanervironmentend-
usersusuallywantto accesneof the replicasasquickly
aspossibleregardlesf thereplicalocation. As discussed
in [12], it is up to thereplicamanagemergoftwaresystem
to selectthe “best” le thathasthe minimal accesscosts.
Basedon previouswork [18], we de ne replicaselectionas
follows:

Replica selectionis the processof selectinga single
“best” replicafrom a set of identical replicaswhere best
meansthat the responsdime for accessing le locally is
minimal. If replicasareonly availableat remotesites,the
accesgime alsoincludesthe datatransfertime from there-
moteto thelocal site.

We alsoassumehata le shouldbeaccessetbcally at
agivensiteandthuswe wantto minimizethetransfercosts
from aremotesiteto agivensite.In [18] weidenti ed two
main performancearametersnetwork andstoragesystem
costs.We cannow de ne optimal replicaselectasthe fol-
lowing minimizationproblem:

min (f il e_tr ansf er;j(sit€ocal ; Sit€remote 1)) (1)

wherethe le transferis de ned asfollows:

f il e_transf er; = accessCoStew or k + ACCESSCOStstor age

(@)

In this paperwe only concentrat®n the storagecostes-
timation. Note, for simplicity we assumehatGrid applica-
tionsrequesbonly single les andleave the caseof multiple

le requestdor futurework.

2.2 Access costs for HSM systems

In the following section,we outline the costestimation
for dataseners,in particularfor HierarchicalStorageMan-
agers(HSM). Thus,we extend Equation2 andgive details
abouttheaccesgostof storage.

Theaccesgostfor HSM systemslepend®n mary fac-

tors, like currentload of the HSM systemnhumberof avail-
able drives and their types, localization of the data (disk
cache MOD, tape)andthe datacompressiomate. We as-
sumethattheacces€ost,accesscostsor age, iS de ned by
thestart-uplateng time, time jaency , @andthetransfertime,
time ¢ anst er, Of the HSM systemitself. The latteris de-
ned asthetime for makingdatalocally availableandit is
neededor servingdatato the Grid ervironment. The net-
work lateng is not part of the accesscost estimationfor
HSM.

Generally time jaency for HSM canbe brokeninto the
following elements:

tw — waiting time: de nes the waiting time for nec-
essaryresources$o becomeidle. Theseresourcesan
be a tapedrive, the tapeitself or the robotarm. The
waiting time dependon the previous requestsn the
queue.

ty —unmounting time: time to unmountatapein or-
derto freeadrive for thecurrentrequest.

tm —mounting time: thetime to mountatapeinto a
drive andgetit ready It depend®on therobotandthe
drive performance.

tp, —positioning time: thetime of positioningfrom the
currentblockto the rst block (referencedsadestina-
tion block) of the le onatape.It depend®nthetype
of media,the currentanddestinatiorblock numbers.

ty — media transfer time from removable medium
(tapeor plateif the mediumis anoptical disk) to disk
cachelt depend®nthedrivetransferrateandthe le
size.

tqy — disk cache start-up latency. This is the la-
teng experiencedyy the client whenthe le is in the
disk cache. The client is assumedo be local, so the
network lateng is 0 seconds. It mainly dependson
the hardware parameter®f the hard disk drive (seek
times).



For particularcasesomevaluescanbeequalto 0. Those
concern les locatedalreadyin the cachesfor which all
timesexceptty areequalto zero. The accesdime is also
zerowhenthetapeis mountedandidle, t,, = t,, = 0.

time ¢ anst er dependon the HSM disk cachetransfer
rate(tr ansf er; atecache , the le size(siz e je ) andtheac-
cesanethod(NFSor FTP).

The nal formula dependson HSM type and for the
Legato DiskXtenderHSM system,for which we imple-
mentedheaccesgostestimationfunction,is asfollows:

aCCesSCOoStor age = tiME jatency + tiME 1y anst er  (3)

where:

time|atency = tW + tu + tm + tp + tt + td (4)
and

time ¢ anst er = SiZ€fje =transf er_ratecache  (5)

3 Architecture

In thefollowing sectionwe brie y describethearchitec-
ture of the entirereplicamanagemenframeavork thatcon-
tainsa replicaoptimizationservice(from EDG) aswell as
the HSM estimator(from CrossGrid).

3.1 Replica Managemen t System

In EDG, we have designedcanddevelopedareplicaman-
agemensystemthattakescareof replicating les between
several storagelocations, locating replicas and selection
“best” replicasasdiscussedn Section2.1. The entiresys-
temusesseveral externalservicesandis brie y depictedin
Figurel.

We do notgointo thedesigndetailsandreferthereader
to [12]. Herewe only concentrateon the componentand
serviceghatarenecessaryor thereplicaselectionprocess.
It isimportantto pointoutthatFigurel representtheusers
point of view andthusall interactionwith serviceslike a
ReplicaOptimizationServiceis donevia the replicaman-
agemenserviceinterface.

For the discussiorin this paper oneonly needsto con-
siderthefollowing modulesandcomponents:

The Core moduleco-ordinateghe main functionality
of the replica managemensystem,which is replica
creation,deletion,and catalogingby interactingwith
third party modules. Theseexternalmodulesinclude
transportservicesyeplicalocationservicesmeta-data
servicesfor storing replicationmeta-datasuchas le
meta-data(size, checksum,etc), managemenineta-
data, and security meta-data(such as accesscontrol
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Figure 1. Main Components of the Replica
Management System. Shaded components
represented components that are imple-
mented.

lists), andprocessingerviceshatallow pre-andpost-
processingf les beingreplicated.

The goal of the Optimization component(also re-
ferredto asthe ReplicaOptimizationService(cf. Sec-
tion 3.2) is to minimize le accesdimesby pointing
accessequestso appropriateeplicasandpro-actively
replicatingfrequentlyused les basednaccesstatis-
ticsgathered.

The Security module manageshe requireduserau-
thenticatiorandauthorizationin particularissuegper
taining to whethera useris allowed to create delete,
read,andwrite a le.

3.2 Replica Optimization Service

The goalof the optimizationserviceis to selectthe best
replicawith respecto network andstorageaccessatencies.
In otherwords,if for agiven le severalreplicasexist, the
optimizationservicedetermineghe replicathat shouldbe
accesseflom a givenlocation. Similarly, the optimization
servicemightalsobeusedto determinghe bestlocationfor
new replicas.

The ReplicaOptimizationServiceis implementedas a
light-weightwebservice(calledOptor). It gathersnforma-
tion from the EuropearDataGrid(EDG) [9] network mon-
itoring serviceandthe CrossGrid[4] CostEstimation(also
referredto as“StorageElementmonitoring”) serviceabout
their network and storageaccesdatencies. Basedon this
information Optor takesthe decisionaboutwhich network
link shouldbe usedin orderto minimize the transfertime
betweertwo endpointsasdescribedn [2].



Apartfrom selectingeplicasandstoragdocationsOptor
alsoprovidesmethoddoretrieveestimatedle accesgosts.
Thesecanbeexploitedby otherGrid servicessuchasmeta
schedulerdik e the EDG ResourceBroker [10]. Basedon
the informationobtainedby Optorthe broker canschedule
jobsto sitesthatallow efcient le accesswvhile maximiz-
ing the overall throughput. Thus,the ReplicaManageyin
particularits optimizationcomponentassistdshe Resource
Brokerin thejob schedulingorocess.

The interactionof the main component®f the Replica
ManagerReptoris depictedin Figure2. For this paperwe
aremainly interestedn theinteractionbetweerthe Replica
OptimizationServiceandthe SE Monitor/CostEstimation
Service.Notethat Optor providesaninterfacecalled“get-
SECost"that eitherrecevesinformationfrom SE Monitor
or from SE CostEstimator In our currentmodel,we usea
CostEstimatorasdescribedn the next section.
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Figure 2. Interaction of Replica Manager with
other Grid services.

3.3 Access Estimation for Hierarc hical

Storage Systems

In this section,we give detailson a costestimationser
vice. As mentionedn previoussectionsthecostestimation
of the storageaccesss one of the mostimportantpartsin
the entire replica selectionprocess. However, estimation
stratgies strongly dependon mary externalfactors,espe-
cially on device types,e.g. for HierarchicalStorageMan-
agers(HSM) they aredifferentfrom thosefor disk drives,
or for databasem comparisorwith estimatiorfor raw les.
Thatfactis very importantdueto the heterogeneityf the
storagesystemasisedin Grid ervironments.

Sincethe internal organizationof the storagesystemis
hiddenfrom the estimationserviceclients,thereshouldbe

anadditionallayer selectingthe bestestimatoifor a partic-
ular contet, i.e. for eachstoragetype thereis a different
estimator To copewith thatchallengea Component-Expert
Architecture(CEA) [6, 8, 7] is proposedwith the general
schemalepictedn Figure 3.
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diagram in

The proposedCEA allows building very scalablesys-
temsbasedon independentomponentswhich, similarly
to popularplug-ins, caneasily be registeredin the system
atary time. The mostpowerful featureof thatarchitecture
is the possibility to transferthe responsibilityof the com-
ponentselection. In the classicalcomponentarchitecture
[19] the componentsare selectedby developersduring the
developmentprocessandtheir choiceis compiledinto the
code. In CEA thetaskof componenselectionis entrusted
to an additionalmodulecalled Rule-Based=xpert System
(seeFigure 3). Thatmoduledecideson-the- y which com-
ponentis the mostsuitablefor a currentcontext. Thus,the
decisionis taken by a previously preparedsetof rulesand
is basedon thefollowing factors(seeFigure3): thecurrent
contet (Call-Environment),aclassi cationof all registered
componentpreparedoreviously by the developers(Com-
ponentSpecializationpndadditionalinformationavailable
from externalknowledgebases. In practicalimplementa-
tions,e.qg. [7], theserules rst try to eliminateinappropriate
component¢componentshatarespecializedor otherpur-
posesyand nally choosehebestonefrom all components
ful lling particularrequirements.The developmentof the
rulesshouldbe basedon practicalexperienceof a human-
expert; during the run-time the knowledge of the system
canbeextendedby modi cation of the externalknowledge
base.



For the estimationpurposeof the dataaccesscost for
Grid-enabledstorage,CEA is usedas a framavork man-
aginga setof estimatorsandtaking over the responsibility
for the selectionof the mostadequatesstimator The esti-
matorsareimplementedas CEA components.They differ
from eachotherby the componenspecializatior{e.g.,esti-
matorsfor HSMs, disk drives,optical devices,etc.) but the
decisionconcerningthe bestestimatoris taken during the
run time of the systemby meansof a previously prepared
rule set.

% Replica Manager

dia-
gram in the CrossGrid environment apply-

Figure 4. Component dependencies
ing a Component-Exper t Architecture . The
“Replica Manager” component refers to the
Replica Optimization Service that acts as a
client of the system.

CEA hasbeenusedin the CrossGrid5] projectto man-
agethe estimatorsas well asto managedataaccesshan-
dlers. As aresult, an extremely e xible and uni ed data
accesgplatformhasbeendevelopedwhich caneasilybeex-
pandedby additionalcomponentgplug-ins). Furthermore,
the newly registeredcomponentssanimmediatelybe ex-
ploited in the appropriatecontext. In Figure 4 the UML
modelof thedependencieletweerthe componentsealiz-
ing the CEA in the CrossGridervironmentis shown.

The'Component-ExperSubsystemtomponenaswell
asthe'RulesSet'and'CEComponentet' packagesirere-
sponsiblefor the selectionof the mostproperestimatoror
datahandlerdependingon a contet (Fig. 4). The'Stor-
age Element' componenfunctionsas the external knowl-
edgeprovider. It providesall preciseinformation on the
currentcon guration and stateof the storagedevice keep-
ing the particular dataobject (the type of the device, the
device vendorandthe entireinformationimportantfor the
decisionprocess)The nal decisionis takenby 'RulesSet'
andfurtherprocessedby 'Component-ExperSubsystem’.

3.4 Simulating HSM Access Costs

We estimatethe accessostby simulatingthe HSM sys-
tem. We treatthe HSM systemasa GrayBox, whichmeans
that we have someknowledge abouthow it works inter
naly. This knowledgeis gatheredby observingthe HSM
systembehaiour aswell asfrom the available documen-
tation. Basedon this knowledgea simulationmodelof the
HSM systemhasbeendeveloped.Themodelis basednthe
factthattheproces®of servingarequesby theHSM system
goesthroughdifferentstagegwaiting, unmountingmount-
ing, positioning, transferring). The transitionbetweenthe
stageds speci ed by the statetransitiondiagramwhich is
shawvn in Figure5 andhasbheendescribedn detailin [13].

Figure 5. State transition diagram for HSM
systems.

Theestimatiorsystenconsistof Monitor andSimulator
modules. The Monitor modulecollectsessentiainforma-
tion from the HSM (aboutits currentstate the queuestate,
andaboutthe le whichthe accessostis estimated).The
Simulatormodulesimulatesuture statechangesisingthis
information and the mensionedabore model of the HSM
systemin orderto estimateaccesgostfor the le.

The simulationis eventdriven. At the begining of sim-
ulation, dependingon the estimationrequestand the cur-
rent stateof the HSM system,one or more future events,
associatedvith the fact that a certainstagehasjust been
completed are scheduledand placedinto an event queue.
The numberof eventsis equalto the numberof real re-
guestsheingprocessedby the systemplus onefor the esti-
matedrequestThesimulationalgorithmthenpicksthenext
eventfrom theeventqueueandschedulegeroor onefuture
eventsaccordingto the mentionedstatetransitiondiagram.
No eventis scheduledor arequesthathaspassedhe last
stage(transfering). Whenthe last stagefor the estimated
requestis over, the simulationis stopedandthe simulated
costis returned.

For eachstage gxceptthewaiting stagethetimeto com-
pleteis estimatedby using the appropriatemodelfor that



stage.Thewaiting stagecompletiontime is obtainedauto-
maticallyduringthe simulation.

Theaccurag of the estimationdepend®on the accuray
of estimationof thetime-to-completdor eachstageexcept
the waiting stage. The main sourceof inaccurag is the
time-to-complete=stimationfor the mounting, positioning
andtransferringstage.

The mounting time dependson the contaminationof
tapesanddrives. It hasbeenobsenedthat sometimeghe
processof becomingon-line for a tapedrive takeslonger
thanspeci ed. A few yearsago,the samedriveshadquite
predictablemountingtime. The estimationmodelassumes
thatthemountingtimeis constanfor thegivenlibrary-drive
pair.

The positioningtime for DLT tapesis estimatedy us-
ing thelow costseekmodelproposedy Sandsa andMid-
straum[15]. Again,thecontaminatiorcanin uence theac-
curagy, by causingmore“recover from error” conditionto
occurincreasinghetime. The uctuation of datacompres-
sionrate alongthe track alsodecreasethe accurag. An-
othersourceis the unpredictableoccurrenceof badblocks
alongthetape.

The transfertime from the removal mediato the disk
cachedependsnainly on the le sizeandthetransferrate
of the tapedrive (we assumethe disk cachehasa higher
rate). The transferrateitself dependon the compression
rate of the storeddata. Datawith highercompressiomate
have highertransferrate. Theratio of the transferrate for
datawhichis well compressibl¢o thetransferatefor data
which is not compressiblés usuallyabout2. Theload of
CPUandl/O (becausef mary requestsssuedto the sys-
tem at the sametime), in turn, cancausethatthe effective
transferrate to decrease.However, this is rarely the case
for well con gured HSM systems.The currentestimation
modelassumes constantransferratefor a giventype of
drive.

The accesgostestimationfunction is implementedor
the LegatoDiskXtenderHSM system.An effort to adoptit
for CASTOR[3] isundegoing.All theseestimatorsareim-
plementedasindependentomponentgompatiblewith the
Component-Experfrchitecture, thus they are registered
in the CEComponentSeseeFigure 3), which ful Is the
Component€ontainer(seeFigure 4) role. Thedecisionof
theirusagds takenby CEXStogethemwith RuleSetwhich
areshavnin Figure 4.

4 Implementation Details and Discussion

One of the main achievementsof this work is the in-
teroperabilityof servicesand componentgprovided by the
EU DataGridaswell asthe EU CrossGridprojects.In the
costestimatiorarchitecturethemaininteractionis between
the ReplicaOptimization Serviceand the Cost Estimator

wherethe formeractsasa client of thelater.

In orderto allow for an easyinteroperabilityof the ser
vices,bothservice{ReplicaOptimizationServiceandCost
EstimationService)usewebservicetechnologiesindcom-
municationvia SQAP. The main interfaceis throughthe
method‘getSECost'wherethe ReplicaOptimizerrequests
theaccesgostof certain les locatedonaStorageElement.
In more detail, the ReplicaManager(the top level entry
pointfor anend-userspointedoutin Figurel) providesa
clientinterface"listBestFile” andinteractswith the Replica
Optimizationservicefor obtainingthe transfercostsof a
given le.

The ReplicaOptimizationServiceis implementedas a
Java web servicebasedon a Tomcatservletcontainerand
AXIS SQAP for client-sener communication. Thus, the
ReplicaManagerclientcommunicatethroughAXIS SCAP
with the ReplicaOptimizationService.All theseelements
area part of thereplicationframewnork. Next, the Replica
OptimizationServicecallsthe CostEstimationServicethat
isimplementedn C++ usinggSQAP for client-senercom-
munication.

For simplicity, we createda commandine interfacefor
theReplicaOptimizationServicewherewe candirectly in-
voke the getSECosimethod. An exampleis given below
wherewe askfor accesgostsof alGB le onagivenStor
ageElement.

Jedg-replica-optimization getSECost  \

-s http://zeus07.cyf-kr.edu.pl:18001 \

-f pfn://zeus07.cyf-kr.edu.pl/fLGB.dat \
-h Ixshare0343.cern.ch

Result:
SE cost:  1367.0 [sec]

The resultsare givenin secondsand thus one cansee
theestimatedaccessime returnedrom the CostEstimator
Internally;, the ReplicaOptimizationServicethenaddsthe
network costsfor thegiven les andcanthusdeterminehe
entireaccesdateng for agiven le (accordingto Equation

2).
5 Experimental Results

In thefollowing sectionwe provide experimentakesults
of the replica selectionprocessthat is basedon the in-
teractionof the ReplicaOptimization Serviceand the SE
Cost Estimationservice. In more detail, a Replica Opti-
mization Serviceis deployed at CERN (Switzerland)and
interactswith three different storagesystemslocatedin
CYFRONET-AGH (Poland).

Thecostestimatiorexperimenthave beenperformecdodn
threeStorageElementgSEs)- SE1, SE2, SE3 - keepinga
setof les, f10KB.dat,f100KB.dat,f1MB.dat, f10MB.dat,



f100MB.dat, f1GB.dat, with different sizes. These le-
namesalso correspondo logical le names(LFN). Fur
thermore for eachof the LFNs, identicalreplicasexist at
differentstoragesystems.The main goalis to identify the
optimalstoragdocation(“best le”) for agivenLFN.

EachSEis con gureddifferently (cf. Tablel). Storage
SE1 hasonly disk drives,storageSE2 hasdisk drivesand
connectionyia FTPlink to the HSM systemcontrolledby
anexternalmachine.The last storageSE3 is connectedo
anotheHSM systenvia a NFSlink. Thetypesof thelinks
areimportantin the estimationprocessdueto differences
in transferperformanceg(e.g. NFS s signi cantly slower
thanFTP). Thelocationof thereplicatedles (fxxxxx.dat)
in thesethreemachinesis presentedn Table1: les are
partially replicatedo the threeexisting SEs.

SE1 SE2 SE3
fl0KB.dat | disk n/a HSM cache
f100KB.dat | disk n/a HSM cache
fiMB.dat n/a | HSMtape n/a
flOMB.dat | n/a disk n/a
f100MB.dat | disk | HSM cache| HSM tape
f1GB.dat n/a | HSMtape n/a

Table 1. File location in respective Storage El-
ements

The experimentwas aimedto verify the correctnesof
theintegratedDataGridReplicaManagenReptor)with the
CrossGriduni ed accesgostestimationfacilities. In more
detail,the costfunctionin Equationl is appliedwhereonly
the storagecostis minimized, i.e the network costis ne-
glectedin the experimentshere. The ReplicaManagercan
thenanswerthe question‘listBestFile(LFN, relative loca-
tion)” whereit returnsthe locationof the replicawith the
minimal accesostrelative to a givenlocation.

Giventhereplicasin Tablel, theobtainedreplicaselec-
tion decisionsof Reptorare shavn in Table2. Thus, for
eachof the6 LFNs,the“best” les arelisted. For example,
for theLFN f100MB.datthe bestlocationis SE2.

Oneof themostimportantstepsin the ReplicaManager
decisionprocesss to evaluatethe real dataaccessoston
the SE. The obtainedaccessostestimationof our exper
imentsand comparisonwith the reality are shovn in Ta-
ble 3 (performedpreviously testsfor the LegatoDiskXten-
derHSM systemwhich arediscusedn detailin [13], shav
thatthe exact estimationof the HSM systemaccessostis
dif cult andsometimeserrorscanexceed20%;thereason
of thisis shortlydiscusedn 3.4 section).Sinceall Storage
Elementsare locatedin the samelocal areanetwork, the
network costfor all of thesestorageelementss the same
andcanbeignoredhere. Therefore the decisiongtaken by

SE1 SE2
f10KB.dat | thebest n/a
f100KB.dat | thebest n/a
fAMB.dat n/a thebest| n/a
f10MB.dat n/a thebest| n/a
f100MB.dat thebest
f1GB.dat n/a thebest| n/a

SE3

Table 2. Decision taken by the Replica Man-
ager based on the estimated access

the ReplicaManagerarein accordancevith the costesti-
mationsgiven by the Cost Estimationservice. Moreover,
comparingherealvaluesshovn in Table3 with thereplica
selectiondecisionstaken by Reptor(seeTable 2), demon-
stratesthat thesedecisionshave beencorrectandthe cost
estimationsvork properly.

SE1 SE2 SE3
fl0KB.dat | 1/1(0) n/a 1/1(0)
f100KB.dat | 1/1(0) n/a 1/1(0)
f1MB.dat n/a 201/ 277(27) n/a
f10MB.dat n/a 1/1(0) n/a
f100MB.dat | 8/8(0) 10/9(11) 627/ 802(22)
f1GB.dat n/a 5478/ 5935(7) n/a

Table 3. Estimated/Real access cost in sec-
onds rounded up (Estimated Error in %)

6 RelatedWork

Replicaselectionis a rathernew eld in Grid research
but haslongertraditionsin the Internetcommunity Thus,
mostwide areareplicaresearcifocuseson network-based
replica selection. For example, the Earth ScienceGrid
(ESG)[1] usesa network bandwidthfor replicaselection.
However, our pastexperiencewith Data Grids hasshovn
that massstoragesystemsare often the bottleneckrather
thannetwork links dueto the possiblelargerangeof access
latenciesof tapesystems.

The StorageResourceBroker (SRB)[14] takesa similar
approachaswe do andcurrentlyusesstoragdateng rather
thannetwork bandwidthasthe maincriteriafor replicase-
lection. Thus,adisk-storedeplicawill beaccessedst be-
foretrying areplicain adatabasand nally trying areplica
in anarchial storagesystem.If morethanonereplicais in
the samelateng category, SRB tries the onethatis local
beforetrying aremotecopy.



In StorageResourceManagergSRM) [17] (a uniform
interfacefor secondarandtertiarystoragesystemsjheno-
tion of replicaselectionis currentlynot introduced. SRM
provides an importantinterface for Grid storagesystems
andis currentlyimplementedy several projectswithin the
Grid community

Furtherrelatedwork on optimizationand performance
modelingof tertiary storagesystemscanbe foundin [16]
and[11].

7 Conclusions

In this paperwe introducedthe replicaselectionprocess
of the EU DataGridReplicaManagetbasedon storageac-
cessestimationsfrom a systemdevelopedwithin the EU
CrossGrid. We discussedhe architectureof the Replica
Managemndtheestimatiorfunctionfor auni ed Grid stor
agesystemwhich canbe a disk subsystenor a Hierarchi-
cal StorageManagerwith taperobots. We carriedout a set
of benchmarkdor estimatingthe accesdimesof les lo-
catedat differentlevelsin the storagehierarchy Theresults
demonstrat¢hatthe estimatesprovide a goodbasisfor the
ReplicaManagerto make ef cient replicaselectiondeci-
sions.

In thefuturewe will extentour storageacces®stimator
to work alsowith othermassstoragesystemsuchasCastor

(3]
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